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Abstract

Open Science practices include some combination of registering and publishing study protocols (including hypotheses, primary and secondary
outcome variables, and analysis plans) and making available preprints of manuscripts, study materials, de-identified data sets, and analytic codes.
This statement from the Behavioral Medicine Research Council (BMRC) provides an overview of these methods, including preregistration;
registered reports; preprints; and open research. We focus on rationales for engaging in Open Science and how to address shortcomings and
possible objections. Additional resources for researchers are provided. Research on Open Science largely supports positive consequences for
the reproducibility and reliability of empirical science. There is no solution that will encompass all Open Science needs in health psychology and
behavioral medicine’s diverse research products and outlets, but the BMRC supports increased use of Open Science practices where possible.

Keywords Reproducibility - Methodology - Privacy - Publication bias

Summary of Recommendations of the Behavioral Medicine Research Council

Preregistration

The BMRC strongly recommends the practice of preregistration when engaging in hypothesis-driven research, with transparent reporting
of deviations from preregistered plans. The BMRC further encourages the inclusion of sample diversity considerations in preregistration.
Registered Reports

The BMRC recognizes the value of journals in the area of health psychology and behavioral medicine to introduce Registered Reports as
a new article format.

Preprints and Postprints

The BMRC views peerreviewed, accepted science as the best form of evidence and recommends a close evaluation of the role of pre-
prints for health psychology and behavioral medicine research and to compare this role with the use of preprints among physicists and
economists.

Open Research

The BMRC encourages open research practices at a minimum as required by funding entities and publications. In practice, research
materials should be as open as possible and as closed as necessary, respecting privacy, laws, and cultural knowledge.

Civility, Collegiality, and Collaboration

The BMRC urges researchers to be tolerant and to work together in a collaborative, collegial, and civil manner, acknowledging scientific
and methodological differences and similarities.

Equity

The BMRC recognizes the advantages and disadvantages of Open Science in achieving equity in health psychology and behavioral medi-

cine. A more equitable research environment is needed to advance equitable open science. Open access publication cost and institutional
recognition of open science practices may inadvertently disadvantage underrepresented scientists.
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Overview

The present article resulted from a dialogue among represen-
tatives of the Behavioral Medicine Research Council (BMRC;
representing four large international organizations in behav-
ioral medicine and health psychology), focusing on the need
to communicate our science openly and equitably while main-
taining rigorous research standards. The need for this dialogue
arose from multiple developments that happened over the
past decade: First, legislative actions require data generated
through federal funding to be made available if requested by
other researchers. Second, the scientific field was confronted
with high-profile incidents in which studies could not be rep-
licated, including cases in which the original data had been
fabricated or falsified [1-3]. Third, questions of equity in data
quality and data access have become increasingly prominent.
Fourth, the introduction of new and innovative publishing
recommendations and formats (e.g., preregistration and regis-
tered reports) has prompted the need for greater transparency.
The aim of the present BMRC statement on Open Science is
threefold: (a) to provide a snapshot of Open Science practices
in three of the most prominent journals in our field; (b) to
critically evaluate the most common Open Science practices
for our field; and (c) to provide recommendations for the
adoption of such practices, including preregistration, regis-
tered reports, preprints and postprints, and open research.

Relevance

As members of the research community, we accept the need
to publish the results of our research efforts, and we are often
reminded that if it is not published, “it has not happened.”
Yet, the traditional publication system has been criticized for
not providing equitable access to publicly funded research
results [4]. Instead, journals tend to favor positive findings
over null or contradictory results (see the well-known “file-
drawer problem”) [5]. Additionally, non-registered research
is open to post-hoc analytic reports by researchers and may
contribute to the reproducibility problem through so-called
“questionable research practices” (see below). For example,
one study found that 57% of studies published prior to 2000
(when registration for large clinical trials was introduced)
reported beneficial intervention effects on the primary out-
come compared to only 8% of trials published after 2000 [6].

Since the publication of the Open Science Collaboration’s
2015 paper [7] estimating the reproducibility of psychologi-
cal science, there have been many important developments to
address these issues. The research community has suggested
several practices, together known as “Open Science.” Open
Science includes some combination of registering and pub-
lishing study protocols (including hypotheses, primary and
secondary outcome variables, and analysis plans) and making
available preprints of manuscripts, study materials, de-identi-
fied data sets, and analytic codes. Open Science is important
for health psychology and behavioral medicine. Research in
this field has the potential to profoundly impact individual,
community, and population health and well-being, as well
as healthcare practices and policies. The potential societal
impact of our work underscores the importance of ensuring
experimental rigor, transparency, reproducibility, and equita-
ble access to advance our science.

Uptake of Open Science practices has been steady and
there is clear evidence of a steep upward trajectory [8].
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Progress has accelerated since leading funders signed on
to improving reproducibility [9] and journals and pub-
lishers started to embrace the Transparency and Openness
Promotion (TOP) guidelines (see Box 1), preregistration,
and new article formats such as registered reports. For
example, in 2012, registered reports were first proposed
by the journals Cortex and Perspectives on Psychological
Science and then launched in these journals (along with in
Social Psychology) in 2013 [10]. Over 300 journals now
offer the registered reports format across a large number
of disciplines including psychology and medicine. Despite
these numerous developments and advances, there remains
much room for improvement.

Frequency of Open Science Practices in Annals
of Behavioral Medicine, Health Psychology,
and Psychosomatic Medicine, 2018-2020

As a starting point, we examined Open Science practices in
the primary journals of the BMRC’s constituent organiza-
tions and how patterns and trends in transparency and open-
ness have changed (data and code available at https://osf.io/
wytz3/). In an analysis of Open Science practices in Annals of
Behavioral Medicine, Health Psychology, and Psychosomatic
Medicine, coders indicated for each empirical study or review
published in 2018, 2019, and 2020 whether it was prereg-
istered (the study protocol was predefined in its entirety or
in part); was a Registered Report (acceptance in principle
was based on the review of the introduction and methods
only, before data collection and/or analysis); made a state-
ment on protocol sharing, data sharing, or material sharing;
or whether it was gold open access (for further definitions,
see the Open Research Coding Checklist in the Supplemental
Materials) [11]. We sampled for 3 years to ensure a sufficient
sampling time frame to provide a good overview of the fre-
quency of Open Science practices. Open Science practices
overall were low (Table 1), except for the relatively high
number of articles published as gold open access in Annals
of Behavioral Medicine and Health Psychology (48.3% and
51.1%, respectively). This result is consistent with an analy-
sis of reporting practices in 2018 in these three journals plus
the American Journal of Preventive Medicine, in which there
was low occurrence of elements such as explicit description
of analyses as primary or secondary (16% of 162 sampled
papers) and if and when studies were registered (13.6%) [12].
No clear pattern emerged from 2018 to 2020 (Table 1). If
anything, there was evidence of reductions in some practices
over time. It is difficult to reconcile these observations as jour-
nals and funders have become more stringent in their report-
ing requirements and need for registration. However, study
registration did increase from 2008 to 2018 [12]. Annals of
Behavioral Medicine, Health Psychology, and Translational
Behavioral Medicine are signees to the TOP Guidelines [13—
15] (see Box 1), which establish guidelines for data citation;
data, materials, and code transparency; design and analysis;
preregistration; and replication. Psychosomatic Medicine
will become a signatory in 2023 [16]. Annals of Behavioral
Medicine and Health Psychology’s new instructions to
authors emphasize open science practices in accordance with
their TOP guidelines [14, 17]. Journals can customize whether
TOP guidelines are required or optional, however, it is likely
that increased adherence to TOP guidelines will be key to
improving uptake of open science practices in the future.
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Box 1. Open Science Resources for Researchers

Reporting Guidelines
American Psychological Association Reporting Guidelines:
Quantitative: https://apastyle.apa.org/jars/quant-table-1.pdf
Qualitative: https://apastyle.apa.org/jars/qual-table-1.pdf
Mixed methods: https://apastyle.apa.org/jars/mixed-table-1.pdf
EQUATOR Network: https://www.equatornetwork.org/
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA): http://www.prismastatement.org/
Consolidated Standards of Reporting Trials (CONSORT): http://www.consort-statement.org/
Transparency and Openness Promotion (TOP) Guidelines: https://www.cos.io/initiatives/top-guidelines
See Current Signatories tab for participating journals

Preregistration
Systematic reviews and meta-analyses: https://www.crd.york.ac.uk/PROSPERO/
Clinical trials: https://clinicaltrials.gov/ https://www.isrctn.com/
Registered reports (after in principle acceptance): https://osf.io/rr/
See Participating Journals tab for journals offering this article format: https://www.cos.io/initiatives/registered-reports
Preregistration templates: http://dx.doi.org/10.23668/psycharchives.4584, https://osf.io/zab38/wiki/home/

Preprints and Postprints

Electronic preprints and postprints: https://www.eprints.org/uk/

Most journals’ postprint policies: https://v2.sherpa.ac.uk/view/publisher_list/1.html

SPARC author addendum: https://sparcopen.org/our-work/authorrights/brochure-html/

American Psychological Association policy: https://www.apa.org/pubs/journals/resources/internetposting-guidelines

Australian Resource Council policy: https://www.arc.gov.au/policies-strategies/policy/arc-open-accesspolicy-version-20171
Australian National Health and Medical Research Council policy: https://www.nhmrc.gov.au/aboutus/resources/open-access-policy

Open Research

British Psychological Society policy: https://www.bps.org.uk/news-and-policy/open-data-positionstatement
National Institutes of Health Policy for Data Management and Sharing: https://grants.nih.gov/grants/guide/notice-files/NOT-OD-21-013.html
FAIR Principles: https://www.go-fair.org/fairprinciples/
About Creative Commons licenses: https://creativecommons.org/about/cclicenses/
Generalist open science repositories (all assign DOls)

Harvard Dataverse: http://dataverse.harvard.edu/

Mendeley Data (also indexes 6 other repositories): https://data.mendeley.com/

Open Science Framework: http://osf.io/

Zenodo: https://zenodo.org/

Other repositories exist for specialty areas such as neuroscience. See Meyer, 2018.
Synthetic databases: https://www.synthpop.org.uk/get-started.html

Videos, Primers, and How-to Guides

OSF (preregistration): https://www.youtube.com/watch?v=8QK2-udwoK8
OSF (how-to guides): https://help.osf.io/hc/en-us

UK Reproducibility Network: https://www.ukrn.org/primers/

Synthetic databases: https://www.dsquintana.com/talk/riots_synthetic/

Table 1 Open Science Practices in Behavioral Medicine Research Council Society Journals

By journal By year

ABM, % HP,% PM,% 2018,% 2019,% 2020, %

1. Does the article state whether or not the study (or some aspect of the study) 23.2 10.4 14.4 18.7 11.4 16.9
was preregistered? (Yes)

2. Is the article a Registered Report? (Yes) 0 3.8 0 0 1.7 3.2

3. Does the article link to an accessible protocol? (Yes) 10.5 10.1 11.9 17.1 11.1 4.6

4. Does the article state whether or not data are available? (Yes) 15.4 6.8 N 2.0 14.8 9.9

5. Does the article state whether the study materials are available (on a free 28.9 21.9 11.5 15.8 28.6 19.4

to access repository or similar) or make them available in the paper or
supplementary materials section? (Yes)

6. Is the article gold open access? (Yes) 48.3 51.1 8.5 42.9 532 23.7

ABM, Annals of Behavioral Medicine; HP, Health Psychology; PM, Psychosomatic Medicine.
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These findings mirror psychology at large and also echo a
recent pulse survey conducted by the Society of Behavioral
Medicine examining the work presented at the 2019 annual
meeting of the society [15, 18]. Nearly three-quarters of all
presentations (e.g., papers, posters, and symposia) did not
report using any Open Science practice. Taken together, these
findings should represent a call to action for health psychol-
ogy and behavioral medicine researchers to integrate Open
Science practices into research programs and investigate the
barriers to uptake [19, 20].

Nevertheless, health psychology and behavioral medicine
researchers have been early adopters of some key Open
Science practices [21]. We have been exemplars in prereg-
istering systematic reviews and meta-analyses and follow-
ing the Preferred Reporting Items for Systematic Reviews
and Meta-analyses and the Consolidated Standards of
Reporting Trials guidelines [21]. Moreover, for many
years, perhaps due to our close collaborative relationships
with medicine or due to regulatory requirements, it has
been standard practice for health psychology and behav-
ioral medicine researchers to preregister randomized con-
trolled trials in open-access trial repositories. As of April
2021, Translational Bebhavioral Medicine, published by the
Society of Behavioral Medicine, has adopted the badge
system for open data and open materials, thus providing
an incentive for authors to make available their data and
study materials to other researchers.

Preregistration

The number of published null results has increased over time
in U.S. National Heart, Lung and Blood Institute (NHLBI)
funded clinical trials, potentially as the result of introduc-
ing registration for large clinical trials on clinicaltrials.gov
around the year 2000 [22]. Specifically, 57% of studies pub-
lished before 2000 reported beneficial intervention effects on
the primary outcome, compared with only 8% of trials pub-
lished after 2000. Thus, the year 2000 marked the beginning
of a natural experiment that resulted in greater constraints on
reporting clinical trial results, which may have led to greater
transparency in reporting standards.

When analyses are conducted transparently, questionable
research practices are less likely. Questionable research prac-
tices are actions that may not constitute outright scientific
fraud but threaten the validity of scientific conclusions [23].
They come in many forms but commonly arise from post
hoc activities to produce a more easily publishable paper.
One example is “p-hacking,” which is the practice of taking
actions such as removing observations or adding covariates
solely to lower p values below .05 [24]. Another example
is “HARKing,” which stands for hypothesizing after results
are known [25]. HARKing violates the fundamental tenet
of formulating hypotheses a priori before an experiment is
conducted. Yet another example is the overuse of “researcher
degrees of freedom,” wherein many statistical tests are run
and only those that reach the threshold for statistical signifi-
cance are reported.

There are numerous benefits of preregistration, not least that
registering empirical work helps reduce the use of question-
able research practices [26]. It is consistent with the require-
ments of truly confirmatory research, while not precluding
the performance of exploratory research and data analysis
[27]. Preregistration involves the precise specification and
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documentation of all the main aspects of an empirical study
and registering these in a repository in advance of conducting
the work. As a result, researchers give careful and thorough
consideration of the study hypotheses, design, data acquisi-
tion, and data analysis plans a priori, allowing time to fine-
tune all aspects of the research process and ensuring that the
research team has an agreed-upon, clear understanding of the
proposed research. It also provides the researcher the opportu-
nity to specify which hypotheses are confirmatory and which
are exploratory. Presenting exploratory results as confirmatory
misrepresents the scientific process and is another kind of ques-
tionable research practice [28].

One commonly raised objection is that preregistration is not
possible in the case of secondary data analysis. Indeed, because
the cost of collecting data is high, many of us engage in sec-
ondary data analysis of large data collection efforts, such as
the Health and Retirement Survey or the Midlife in the United
States Study. However, preregistration before analysis is possi-
ble, and thus Open Science is not at odds with secondary data
analysis. Of course, whether or not a secondary data analysis is
preregistered, manuscripts should be transparent about whether
the research questions were formulated before the analyses were
conducted and specifying which were exploratory.

The BMRC strongly recommends the practice of preregistra-
tion when engaging in hypothesis-driven research, with trans-
parent reporting of deviations from preregistered plans.

Registered Reports

Null findings are more likely to remain in a researcher’s file
drawer and/or are less likely to be accepted for publication
[29]. This science-wide problem is not limited to health psy-
chology and behavioral medicine. However, as outlined ear-
lier, the impact of publication bias is of greater consequence
in our disciplines than many others, therefore making the
introduction of Registered Reports a particularly important
development for our field.

The Registered Report is relatively new type of article that
aims to increase scientific transparency by implementing peer
review before study results are obtained. Once the researcher
has developed an idea and designed the study, including details
of measures, sample size, inclusion/exclusion criteria, and data
analysis plan, they submit a Stage 1 Registered Report (includ-
ing Introduction and Method sections) for peer review. The
key difference from the standard scientific process is that the
researcher does not commence data collection until the Stage
1 Registered Report has received an In-Principle Acceptance.
Once the data are collected and written up, the full Registered
Report will be accepted for publication irrespective of the
findings or their statistical significance, conditional on adher-
ence to the Registered Report. Comparing 71 published
Registered Reports in psychology with a random sample of
152 hypothesis-testing studies, 96 % of standard reports had
positive results compared with only 44 % positive results in the
Registered Reports [6]. Yet, the quality of Registered Reports
has been shown to be higher than conventional publications
[30]. At this time, Annals of Behavioral Medicine and Health
Psychology do not offer registered reports. Psychosomatic
Medicine is introducing the format in 2023.

The BMRC recognizes the value for journals in the area of
behavioral medicine and health psychology to introduce
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Registered Reports as a new article format. Over time, this
change is likely to help encourage the uptake of this new
approach to conducting science and improve the robustness
of our evidence base [31].

Preprints and Postprints

A preprint is a version of a scholarly work, often a complete
draft and after feedback from coauthors, uploaded to a public
server without undergoing formal peer review. A postprint is a
version of a scholarly piece of work that is uploaded to a pub-
lic server after formal peer review [32]. The emphasis placed
on preprints (and perhaps postprints) is often discipline-spe-
cific. For example, the preprint server arXiv.org has been
essential for physics, mathematics, and computer sciences for
almost three decades and EconStor has long been the norm
as a disciplinary repository for economics and business. In
contrast, the preprint server PsyArXiv.com was established in
2016 for the psychological sciences and is still in its infancy.

Preprints and postprints are important to Open Science as
they provide open and rapid (in the case of preprints) access
to scholarly work. This ensures the work is made publicly
available to all interested parties, especially those in devel-
oping nations where institutional funds to publish, read,
and subscribe to scientific journals are limited. Empirically,
journal articles deposited on a preprint/postprint server have
sizably higher citation and altmetric counts compared to
non-deposited articles [33].

Given the momentum of Open Science and the unprece-
dented explosion of preprints in COVID-19 times, most
psychology journals now permit the posting of preprints.
However, most journals do not permit posting the pub-
lisher-prepared PDF but may allow posting the original
author-formatted document. It is, therefore, important that
authors check the journal policy on posting preprints and
postprints (see Box 1). It is also possible for authors to negoti-
ate for permission to post their preprints and postprints using
tools such as the SPARC Author Addendum (see Box 1).

Preprints and “peer reviewed” published papers represent
a continuum in the evolution of a body of work and can be
formally linked, ensuring that the “peer reviewed” published
paper supersedes the preprint as the version of record that
should be cited [34]. Best practice is to update the preprint
to the author-formatted document with each submission,
ensuring that the available preprint is the final version sub-
mitted to the journal and providing a digital online identifier
(DOI) for the published version of record. Some services will
automatically link the preprint and published version-of-re-
cord DOIs. Conversely, a journal may require that the DOI
for the preprint be provided in the version of record. For the
member society journals, Annals of Bebhavioral Medicine and
Psychosomatic Medicine have explicit preprint policies that
allow for posting to non-commercial (NC) preprint servers
and set forth DOI requirements. The American Psychological
Association has a policy for its journals (including Health
Psychology) that also allows posted preprints, with more
stringent rules about copyright and warnings about “manu-
scripts that have garnered significant media attention as pre-
prints” (see Box 1).

There are further advantages (and disadvantages) to post-
ing preprints (see Table 1 in Ref [35]), and these can be con-
sidered from the perspective of the academic and early career

researcher (ECR), funding bodies, and journal publishers.
From time to submission to paper publication, the publica-
tion process is unpredictable, variable, and often time-con-
suming—particularly problematic for ECRs who rely on the
timely publication of their work to gain recognition for their
efforts [36]. Depositing a scholarly piece of work in a preprint
server ensures that the work is made publicly available almost
immediately and to all, democratizing the flow of informa-
tion. Authors can also receive feedback beyond a selected few
who review the scholarly work during a formal peer-review
process and make their judgments of appropriateness of and
interest in the work. Moreover, preprints can be revised and
updated far more efficiently than submitting corrections after
publication. Further, a preprint documents the history of the
ideas and thus becomes a timestamp establishing priority of
scientific discovery and innovation, debunking the myth that
preprints lead to scooping [34]. Posting preprints can also
benefit academics, particularly ECRs, increasing visibility,
facilitating networking, accelerating training time, optimizing
research design and quality, and developing reviewer skills
[36].

From the perspective of funding bodies and journals, there
can be substantial benefits from the widespread adoption of
preprints [34]. Although funders typically ask for “peer-re-
viewed publications” as demonstrated evidence of research-
ers’ work in the field, they often allow the detail of “other
scientific contributions”. Such contributions could include
preprints. Preprints provide tangible evidence of researchers’
most recent work. Funding decisions should be based on the
merit of the research, and preprints help to uphold this princi-
ple by allowing independent assessment of researchers’ ideas
rather than relying on journal names or impact factors as a
proxy for quality [34]. Comments on preprints can also pro-
vide a more efficient formal review process, possibly improv-
ing the final manuscript.

Despite the many benefits, some concerns and challenges
must be addressed, particularly concerning preprints (see
Table 1 in Ref [35]). One concern with preprints is that serv-
ers will be flooded with weak papers only meant to assert pri-
ority. This can lead to misleading findings and confusion and
distortion of study conclusions as well as premature media
coverage, which is potentially dangerous given that preprints
can shape scientific and global discourse [34], a phenomenon
witnessed with the acceleration of preprints around COVID-
19 [37, 38]. Given preprints have the potential, knowingly
or not, to misrepresent knowledge, an important empiri-
cal question to be considered is: how can the scientific field
ensure preprints positively and accurately shape knowledge?
Also, how can the distinction between preprints and formal
“peer-reviewed” papers be upheld, especially to lay reader-
ships, and in all stages of the communication process (includ-
ing conventional media, social media, and policy)? Should
the notion be embraced that preprints and “peer reviewed”
papers exist in parallel, synergizing and fulfilling complemen-
tary functions? Preprints facilitate rapid communication of
scientific findings, whereas “peer reviewed” papers provide
formal certification processes that promote reliability and
reproducibility [34, 38].

Among 3,759 researchers across multiple disciplines, Open
Science content and independent verification of author claims
were essential for judging preprint credibility [39]. Peer
reviews and author information were rated as less critical.
Nevertheless, upholding fundamental principles and practices
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of peer review should be maintained when assessing the qual-
ity of preprints, and papers should adhere to respected article
reporting standards (see Box 1).

The BMRC recognizes the potential value of preprints as
mechanisms to improving transparency and faster dissemina-
tion. However, the lack of regulation and potential to produce
harm are significant concerns, and we view peer-reviewed,
accepted science as the best form of evidence.

The BMRC recommends a close evaluation of the role of
preprints for health psychology and behavioral medicine
research and to compare this role with the use of preprints
among physicists and economists.

Engaging in Open Research

Open research involves openly sharing one’s research mate-
rials with others, including data, syntax, protocols, experi-
mental stimuli, and so on [8, 28, 40-43]. One guideline for
open data comes from the FAIR (findable, accessible, interop-
erable, and reusable) principles (see Box 1), which will be
invoked below [44]. However, many researchers have reser-
vations. They have proprietary feelings about data that took
significant resources to collect, syntax that took significant
expertise and time to write, and stimuli that took significant
piloting to refine [20, 45-47]. Furthermore, making data,
code, and other material shareable requires additional work
(e.g., creating a codebook, cleaning data to ensure anonymity,
labeling data, and commenting on code so it is interpretable)
[45]. Promoting FAIR data will require planning for and bud-
geting money and time to prepare the data for open access.
Researchers may also be concerned that their research will be
“scooped” [20, 47, 48].

On the other hand, the resources involved in research
materials and data are often taxpayer-funded and therefore
arguably belong in the public domain. Delivering our findings
transparently to the public is a first principle and an ethical
obligation of the scientific community, ensuring quality and
eschewing gatekeeping. In addition, open research benefits
the entire field in that more resources are available to more
researchers [20, 47]. Meta-analysis of individual participant
data (sometimes called mega-analysis), facilitated by open
research, is beginning to take over from meta-analysis of pub-
lished results. Individual participant data meta-analyses are
better powered and can better address moderators and con-
founding variables [49].

Less well-known are the benefits to the individual researcher.
First, additional work to make data and syntax shareable is
an academic work product. It is, therefore, possible to create
a curriculum vitae (CV) line for publicly available datasets
and syntax files, particularly when the data are extensive and
extensively documented or when the syntax uses innovative
and reusable approaches to problems. Many data reposito-
ries assign a DOIL, making data findable and citable, and jour-
nals should mandate citation of data in papers using those
data [29] (this mandate is part of the Open Science TOP
Guidelines.) The license associated with the data (see below)
can generate citations for the work. Furthermore, data and
code sharing are associated with citation advantages for the
publication itself [50].

Second, open research creates opportunities to find new
collaborators and to publish research with other groups [47,
50]. Sharing data, for example, does not automatically mean
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allowing others unfettered use of the data. Many different
licenses can be applied to data, from CCO (public domain)
to CC BY (credit given to the creator, using the DOI) and
additions including NC (non-commercial use only), SA (adap-
tations must be shared under the same terms), and ND (no
derivatives or adaptations of the work permitted) (see Box
1). If a creator is interested in collaborating on shared data, a
more restrictive license (e.g., CC-NC-ND) prevents new and
different uses except when collaborating with the creator.
Licenses are part of making data reusable. Simulated datasets
(see below) are another method for finding new collaborators
rather than sharing data in the public domain. Embargo peri-
ods are also possible [40].

Third, the process of making research materials shareable
often reveals errors before sharing. One would typically want
to make sure that a lab member or colleague can understand
materials and reproduce results, that is, recreate the same
results using the same data (or simulated data) and code.
Unfortunately, errors are rife in the scientific literature. Too
few research results are reproducible from the data (e.g., only
63% of meta-analyses were reproducible within 0.1 of the
reported effect size) [51]. Typographical errors sneak in, per-
haps contributing to many misreported p values [52]. The pro-
cess of making data and code open is likely to reduce errors,
corrections, and even retractions insofar as it motivate repro-
ducibility checks before publication. Psychological Science
articles with open data had only 5% major discrepancies on
reproduction in measures of central tendency, variation, p val-
ues, effect sizes, test statistics, count/proportions, and degrees
of freedom [53]. By contrast, articles in psychology published
between 1985 and 2013 had 7%-15% major discrepancies
in p values alone [52]. Open data and the researchers who
publish them were perceived as more trustworthy [47].

Finally, open research is increasingly a requirement
by funders and journals [20]. For example, the National
Institutes of Health (NIH) requires a Data Management
and Sharing Plan in grant applications (see Box 1) and will
soon require that “researchers will maximize the appropri-
ate sharing of scientific data, acknowledging certain factors
(i.e., legal, ethical, or technical) that may affect the extent to
which scientific data are preserved and shared.” The policy
defines data as: “The recorded factual material commonly
accepted in the scientific community as of sufficient quality to
validate and replicate research findings, regardless of whether
the data are used to support scholarly publications. Scientific
data do not include laboratory notebooks, preliminary anal-
yses, completed case report forms, drafts of scientific papers,
plans for future research, peer reviews, communications with
colleagues, or physical objects, such as laboratory specimens”
(emphasis added).

Making One’s Research Open

Making one’s research open is not difficult, although some
elements are more difficult than others, and every step toward
more open research is important (see resources in Box 1) [54].
Repositories exist for deposition of open research materials.
Some journals and universities provide data repositories, and
there are general and discipline-specific repositories (Box 1).
Repositories are important for preventing broken or deleted
links to an individual scientist or lab’s web page and amelio-
rate low response rates when data are requested. Registration
and indexing in a searchable resource such as a repository is
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part of making data findable. Data may be shared as used in a
particular publication (NIH will expect this step on publica-
tion) or as a complete study dataset (NIH will expect this step
at the end of the funding period). The former is essential to
assessing a study’s reproducibility, and the latter avoids waste
of resources associated with questions unasked of a particular
dataset. It is important to share data in a form that will not
become technologically inaccessible and is compatible with
different software and therefore interoperable. For example,
.csv files are more robust than .sav (SPSS) files.

Perhaps the most challenging issue in open data is privacy
[55]. Many consent forms do not include language about
data sharing but doing so is now best practice [56]. Consent
rates were generally not affected by this language in psycho-
logical research, and the majority of consented participants
in genomic research chose public release of anonymized data
[57, 58]. Qualitatively, participant concerns about open data
center around privacy invasion and release to irresponsi-
ble third parties [57, 59]; addressing these concerns during
the informed consent process might improve consent rates.
Local institutional review boards may also limit open data
due to privacy concerns [20]. Finally, some data may pre-
clude sharing because culture-specific knowledge is required
to use them, or a cultural group does not permit it [48, 60].
Participants from underrepresented racial or ethnic groups
may be less amenable to data sharing than White partici-
pants [48]. Industry funders and even academic institutions
may prohibit open data or raise barriers to open data, such
as complex approval processes. Sharing should be as open
as possible and as closed as necessary to protect privacy and
adhere to regulations (e.g., British Psychological Society [BPS]
open data policy, see Box 1).

There are often federal guidelines regarding what is con-
sidered private health information and how de-identification
is achieved (e.g., in the USA, the Safe Harbor method) [61].
However, a conservative rule of thumb is that if a person
could definitively identify themselves in a dataset, then it is
possible that others could also identify them and further mea-
sures may be necessary (see BPS open data policy, Box 1).
Many data can be anonymized, but there are still options for
open research where that is impossible [55, 62]. One solu-
tion for quantitative data is a synthetic dataset (see Box 1).
Synthetic datasets preserve the variances and covariances of
the original data but do not include any of the original data. A
synthetic dataset will reproduce the original results given the
same analysis. Furthermore, a synthetic dataset allows others
to explore additional analyses or test other hypotheses and
get the same results they would get with the actual data but
precludes publication of those results. The original scientist(s)
who obtained the original data must be included to create
a publishable product. Simulated datasets can be quite large
regarding the number of variables and number of observa-
tions and are easily generated using the R package synthpop
[62]. Commercial solutions for electronic medical record data
are also available [63].

Code associated with a particular publication should be
shared alongside the data, whether real or synthetic. Both
pieces are necessary to evaluate reproducibility, that is, the
ability of an outside person to obtain the same results, given
the same data and code. (Reproducibility is distinguished
from replicability, which is the ability to obtain the same
results given the same methods but new data.) Ideally, the
code includes all the steps taken in cleaning, scoring, and

analyzing data—that is, a third party could take the raw data
and the code and obtain the reported results. Comments detail-
ing the purpose and rationale for each step should be included
in the code [45].

The BMRC recognizes the value of open research to
improve value, accuracy, and collaboration in health psychol-
ogy and behavioral medicine research.

The BMRC encourages open research practices at a minimum
as required by funding entities and publications. In practice,
research materials should be as open as possible and as closed
as necessary, respecting privacy, laws, and cultural knowledge.

Open Science and Equity

Open Science has the potential to both improve and obstruct
equity for underrepresented groups in science [48]. On one
hand, the availability of preprints/postprints (with their atten-
dant benefits and drawbacks, see above) and open data may
benefit scientists with fewer resources, who may not have sub-
scription access to journals or the financial or logistical abil-
ity to collect large samples of participants [64]. Researchers
from underrepresented groups highly endorsed open science
values of rigor, reproducibility, and transparency and believed
that research dissemination was an important equity issue
[48]. Collaborations arising from open science may benefit
researchers from underrepresented groups and generate ade-
quately powered samples of underrepresented groups [48,
64]. Some practices (preprints and postprints) do not incur a
significant burden, and others (preregistration) may save time
in the long run [635].

On the other hand, researchers from underrepresented
groups were also concerned that financial and time resources
required for some open science practices [20, 45-47] would
further disadvantage scholars from underrepresented groups
[48]. In financial terms, open-access publication should be
considered in an equity context; the cost to publish open
access can be prohibitive even for well-resourced investiga-
tors (e.g., at the time of writing, €9,500 at Nature [66], or at
the current exchange rate, US$10,165). In time terms, schol-
ars from underrepresented groups already bear an unequal
burden in mentoring and service work (the “minority tax”).
More recognition for open science practices in evaluation and
promotion is not necessarily a cure: Groups who do not bear
additional burdens might benefit disproportionately because
they have more time to engage in open science practices. A
more equitable research environment is needed to advance
equitable open science, including decreasing the “minority
tax” imposed on additional service contributions [67] and
multilevel, multidimensional initiatives to increase individ-
ual and structural equity for female and underrepresented
researchers [68].

Finally, preregistration might include attendant pressures
to improve statistical power by relying on populations that
are not hard to recruit and thereby decrease diversity. To
probe this question, reported racial/ethnic diversity in the
clinical trials included in Ref [22] was examined. Figure 1
shows the results (data and code available at https://osf.io/
wytz3/). There is a clear trend toward more diversity after
the preregistration requirement was put in place in 2000.
However, this era also coincides with the March 1994 NIH
requirement that grant applications include gender and eth-
nic diversity such that “for Phase III clinical trials... women
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Fig. 1. Percent White participants in Ref. [22] as a function of study publication year and whether trial recruitment started after the publication of
National Institutes of Health guidance in 1994. Reports in which racial/ethnic descriptions were not included are shown at the bottom of the graph.
Census estimates for the USA are shown in open boxes. * indicates where the sample was described only as percent of a nonwhite group, the

remainder was assumed to be White for the purpose of this illustration.

and minorities and their subpopulations must be included
such that valid analyses of differences in intervention effect
can be accomplished” [69]. This requirement followed
1990 guidance on the “inclusion of women and members
of minority groups in all NIH-supported biomedical and
behavioral research involving humans subjects” [69]. A few
conclusions may be drawn from these data: first, diversity
increased following requirements rather than guidance; sec-
ond, racial/ethnic qualities of the sample were more likely to
be reported following the onset of requirements and prereg-
istration; and third, before requirements and preregistration,
the proportion of white participants usually exceeded Census
estimates (open squares in Fig. 1); afterward, the proportion
was closer to census estimates. The added requirement of
preregistration did not appear to harm diversity in these clin-
ical trials. However, preregistration does not typically require
consideration of diversity as do NIH grant applications.
Insofar as preregistration benefits researchers by requiring
them to carefully consider how their study will be performed
and why, the addition of diversity elements to preregistra-
tion would force researchers to address generalizability with
regard to diversity and representation; oversampling may be
necessary to appropriately characterize some groups [70].
The recruited sample could also be compared against the
preregistration targets.

The BMRC recognizes the advantages and disadvantages of
Open Science in achieving equity in health psychology and
bebavioral medicine. A more equitable research environmment

is needed to advance equitable open science. Open access
publication cost and institutional recognition of Open Science
practices may inadvertently disadvantage underrepresented
scientists.

The Need for Civility, Collegiality, and
Collaboration

There have been numerous important and innovative
developments in how scientific research is conducted.
These changes have been described by some as a scientific
revolution and there has been much talk of psychological
science undergoing a renaissance [21]. However, there has
also been discussion of the “tone debate” and concerns
about the civility of the conduct of the scientific debate
surrounding replication and reproducibility [71]. These
concerns have centered around the need to be respectful
and collegial in scientific discourse, to critique the science
and not the scientist, and to recognize that there are differ-
ent reactions to Open Science practices. In the latter case,
for example, preregistration can be viewed by some as a
commitment to do exactly what was proposed; however,
it is also important to remember that preregistration is “a
plan, not a prison” [72]. Deviations should be transpar-
ently reported but not demonized, allowing dispassionate
and scientific scrutiny of the rationale and consequences of
deviations. In the context of study replications more gener-
ally, the BMRC notes that failures of replication may reflect
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critical issues of context [73] and this failure to replicate
and consequent drive to generate new hypotheses is part of
the scientific method.

The BMRC urges researchers to be tolerant and to work
together in a collaborative, collegial, and civil manner.

Conclusion

We have argued that Open Science in health psychology
and behavioral medicine can potentially increase reproduc-
ibility, replication, openness, and transparency, which will
improve our science’s quality and reliability. There is no one-
size-fits-all solution that will encompass all Open Science
needs in health psychology and behavioral medicine’s
diverse research products and outlets: for example, quali-
tative science and community-based participatory research
will require a different approach than quantitative science;
clinical trials will require a different approach than obser-
vational studies. Different scientists and journals will have
different research foci both in topic and approach and will
adopt Open Science guidelines accordingly. When deciding
to engage in or with Open Science practices and evaluations,
researchers should include collegiality and equity in their
priorities. However, there are sufficient resources and moti-
vating data that health psychology and behavioral medicine
research as a discipline should continue to move toward
Open Science. This will ultimately improve the robustness
of our evidence base in the longer term. As such, the BMRC
recommends that health psychology and behavioral medi-
cine adopt more Open Science practices such as preregistra-
tion, registered reports, and open research and that the field
continue to monitor the viability of preprints as a method of
scientific communication.
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